Abstract
Introduction
Health care workers (HCWs) are at increased risk of acquiring tuberculosis (TB) than the general population [1] . The risk of TB in HCWs is of particular importance in the 22 high TB burden mostly low-and middle-income countries that account for 80% of global TB cases. Increased exposure and suboptimal infection control measures in high-burden countries increases the occupational risk of HCWs in resource-constrained settings [2] [3] [4] . Low background practice of cough etiquette and respiratory hygiene in general population can also contribute to transmission of respiratory infections including TB at physician-patient interface in high burden countries [5] . On the other hand, HCWs with active TB can be an important source of TB infection to others in both health care and community settings in addition to impeding health care delivery particularly in countries with suboptimal number of HCWs. The estimated annual incidence of active TB and latent TB infection (LTBI) was 2.4%-3.7% and 3.8%-8.4% respectively among HCWs with varying TB incidences in general population [1] Latent tuberculosis infection (LTBI) does not produce disease manifestations and is not infectious albeit it results in persistent immune response against Mycobacterium tuberculosis antigens [6] . However, there remains a 10-15% life-time risk of developing active TB. While the majority of the cases develop within five years of infection, persons infected within previous two years are at high risk for progression to disease [7] . There is no gold standard test for diagnosis of LTBI. Tuberculin skin test (TST) and blood Interferon-gamma release assay (IGRA) tests are performed to diagnose LTBI. However, these tests are limited in their ability to distinguish latent infection from cured or treated infections and to predict progression to active tuberculosis [6] . Bacille Calmette-Guerin (BCG) vaccination and non-tuberculous mycobacteria can cause false positive TST results, thereby reducing the specificity of TST. Nevertheless, a systematic review on the effects of BCG vaccination and non-tuberculous mycobacteria found that BCG vaccine received in infancy does not affect TST particularly if the test is done more than 10 years after the vaccination. But BGC vaccination after infancy leads to frequent, persistent and larger TST reactions [8] . Since BCG vaccination in most of the high burden countries are given once in early infancy [9] , it is likely that the vaccination would not affect TST undertaken later in life. On the other hand, despite higher specificity and less cross-reactivity due to BCG vaccination, frequent reversion and conversion has been reported from serial testing by IGRA rendering interpretation difficult [10, 11] .
Several systematic reviews on tuberculosis among health care workers have been conducted previously [1, 3, [12] [13] [14] . The first review published more than 20 years back in 1995 included studies from five non-high burden countries the United States, Canada, United Kingdom, Japan and Hong Kong during 1934-1990 [12] . In 2005, a systematic review reporting frequency of a positive tuberculin test or tuberculin test conversion included studies from low incidence countries the United States, Spain, Canada, Germany, Australia and UK during 1971-99 [13] . Two systematic reviews published in 2006 and 2007 on prevalence of LTBI among health care workers in low, middle and high income countries included studies from four high burden countries Brazil, India, Uganda, and Thailand conducted during 1999-2005 [3, 14] . The latest systematic review and meta-analysis published in 2011 included studies from previous reviews and additional studies published during January 2005-July 2010 and reported incidence of LTBI in HCWs from studies conducted in only four high burden countries (Brazil, India, Zimbabwe and Thailand) during 1995-2005. This review excluded studies reporting only prevalence of LTBI and active TB among HCWs [1] . While national-level data on burden of tuberculosis in general population is available from, nationally representative data on LTBI burden in HCWs in the high burden countries is lacking. Data on HCW burden are available from individual studies alone. Since longitudinal studies are time consuming, labour intensive and expensive, prevalence studies are more likely to be conducted in resource-constrained settings and provide information on LTBI burden. A systematic review on current burden of LTBI among HCWs in high burden countries would provide evidence of existing occupational risk of infection in health care settings, raise awareness among HCWs to adopt and practice necessary infection control measures, and guide policy makers to explore and implement necessary prevention and control measures to reduce disease burden.
We performed a systematic review and meta-analysis to determine the prevalence and incidence of LTBI among HCWs in high burden countries by summarizing data identified in the published literature. We followed the MOOSE (Meta-Analyses and Systematic Reviews of Observational Studies) (S1 File) and the Preferred Items for Systematic Reviews and MetaAnalyses (PRISMA) (S2 File) guidelines for reporting of findings from this systematic review and meta-analysis [15, 16] .
Methods

Search strategy
Database search. Four bibliographic databases were searched to identify studies on latent tuberculosis among health care workers: MEDLINE (Ovid), EMBASE (Ovid), CINAHL (Ovid) and ISI Web of Science (Thompson-Reuters). Initially two broad concepts 'latent tuberculosis' and 'health care workers' were used to identify the keywords for subject searching [for example, Medical Subject Headings (MeSH) in MEDLINE database] in the databases. The key word 'Latent tuberculosis' was used to search for the concept 'latent tuberculosis' with explosion feature. Several key words were used for the concept 'health care workers' such as 'health care worker' , 'health personnel' , 'physicians' , 'medical staff ' , 'hospital staff ' , 'nurses' , 'community health worker' , 'occupational exposure' , 'nosocomial' , 'cross infection' and 'hospital infection' . For each concept, both key words and subjects identified in the databases were used together with 'OR' for searching in each database. Then the keywords and subjects for each concept were combined with ' AND' to obtain final search result ( 
Inclusion and exclusion criteria
The following inclusion criteria were considered for the systematic review: studies published and conducted in any of the 22 high burden countries during 2001-2015, reporting prevalence of LTBI among health care facility workers or community health workers based on TST and published in English language. While the new interferon-gamma release assay (IGRA) is available and used in high and upper middle-income countries, the World Health Organization (WHO) strongly recommends TST for low and other middle-income countries [6] . Since the majority (17 out of 22) of the high burden countries belong to low and middle-income countries according to the World Bank income classification [17] diagnosis of LTBI based on TST was chosen for this review to maintain comparability of the prevalence from the studies.
Studies not conducted in high burden countries, not reporting prevalence of LTBI among HCWs, and diagnosis of LTBI based on IGRA alone were not included in the review. We also excluded previous review articles, letters to the editor, editorials and perspectives as they do not provide primary data.
Screening
All identified records from different databases and additional records identified through grey literature search, and hand-searches of relevant journals were imported to EPPI-Reviewer4 (V.4.5.0.1) software to remove duplicates. After removal of duplicates, the records were screened by two reviewers (SN and MS) in three levels. The first level screening included title screening, the second level screening included abstract screening and the third level screening included full text screening. At each level, the reviewers separately screened the records and then merged their agreements and disagreements and calculated the kappa (κ) statistics. The inter-rater agreements (Kappa statistics) for the first, second and third-level of screening were 91% (0.86), 76% (0.63) and 87% (0.81) respectively. Disagreements were resolved by discussion before finalizing records for next level of screening. Differences between the reviewers were discussed and resolved by consensus. In cases where consensus was not achieved, a third reviewer was brought in to provide a decision. After screening, studies were assessed for eligibility and final selection.
Study quality
Selected studies were assessed for quality using modified Joanna Briggs Institute Prevalence Critical Appraisal Tool [18] tailored to the objective and primary outcome measure of this review. The tool was modified to account for LTBI specific test criteria. Each study was assessed for eight criteria: representativeness of sample, participant recruitment, sample size, description of participants and setting, response rate, TST protocol, objective and reliable measurement of TST and BCG vaccination status (S4 File). Although 13 out of 18 studies met 6 or more criteria, none were excluded in meta-analysis based on the quality.
Data extraction
Data was extracted using a data extraction MS Excel sheet. Data extraction included author, year of publication, study location, design, year of study, study settings, participants, number of study participants, age, number and percentage of females, PPD used, TST testing protocol, cut-off, reading interval, BCG scar or vaccination status, TB control measures at the health care setting, prevalence and incidence of LTBI. For studies that did not include mean (SD) age, median age was used as the mean age if sample size was >30. The available data on range, pvalue, and confidence interval were utilized and converted to the common effect measure, SD.
SN conducted the search, data extraction, and analysis of study quality.
Meta-analysis
Random effects model was used to estimate pooled prevalence across the studies assuming heterogeneity across the aggregated population using STATA version 13.0. A forest plot was generated to show prevalence estimates for individual studies. Heterogeneity was assessed by Pearson chi-square test and I 2 test was performed to quantify the level of heterogeneity. An I 2 score of >75% indicated high heterogeneity. Sub-group analysis was conducted for the country of study, TST protocol and type of HCW to explore the possible causes of heterogeneity. Forest plots were generated for each sub-group analysis. Funnel plot was generated to check publication bias using SAS version 9.4 software. The plot was generated by plotting the observed proportion against the number of TST participants and superimposing 95% (~2standard deviation) and 99.8% (~3 standard deviation) prediction limits around the overall proportion [19] .
Results
Search results and study selection
A total of 990 records were identified from different databases, grey literature and relevant journals. Three-hundred and fifty-nine duplicate records were removed and remaining 631 records were screened by the 2 reviewers. After screening a total of 27 records including 22 research articles, three abstracts and two articles from previous reviews that did not come up in the search result were assessed for eligibility [20, 21] . Of these, an abstract of a full article in Portuguese language was in English and reported prevalence of LTBI among HCWs, and was included in both qualitative and quantitative synthesis [22] . Five articles and two abstracts were excluded for probable duplication [23] [24] [25] [26] [27] [28] [29] . One abstract that did not include the number of TST positives was excluded [30] . The corresponding author of another article was contacted to confirm duplication but did not respond and therefore was excluded [21] . In the end, a total of 18 studies were included for qualitative and quantitative synthesis (Fig 1) .
Study characteristics
Eighteen studies representing 10,078 subjects from seven high burden countries were included: one from Bangladesh [31] , six from Brazil [22, [32] [33] [34] [35] [36] , five from China [4, [37] [38] [39] [40] , two from India [41, 42] , two from South Africa [43, 44] , one from Uganda [45] and one from Zimbabwe [20] (Table 1) . These studies were conducted during 2001-2014 and published during 2005-2015. One study from an abstract did not include the study time [22] . The study design included cross-sectional studies (eight studies) and prospective cohort studies (10 studies). Sample size ranged from 65 to 2,153. 
Publication bias
The funnel plot for the included studies was not symmetrical (Fig 2) . Several of the included studies were outside the 99.8% limits. However, publication bias could not be concluded partially because of difficulty in interpretation of funnel plot for a group of studies, high heterogeneity and small effect sizes. Nevertheless, publication bias in only one of the several possible explanations for funnel plot asymmetry.
Prevalence of LTBI
LTBI was detected by two-step TST in six studies and one-step TST in the remaining 12 studies (Table 2) . BCG scar or BGC vaccination at birth, infancy or childhood among the participants ranged from 32% to 98%. Infection control measures were suboptimal or virtually absent in six studies that provided information on TB control measures at the health-care settings [4, 32-34, 39, 41] . TST results were available for 9,545 HCWs and TST was positive among 3,951 of them. The prevalence of LTBI ranged from 6.9% among medical students to 97.6% among all types of HCWs. The pooled prevalence was 47% (95% CI 34% to 60%, I 2 = 99.6%) (Fig 3) .
There was substantial heterogeneity across the studies and thus random-effect analysis was conducted.
Heterogeneity across the studies remained in subgroup analyses. In country-wise subgroup analysis, the pooled prevalence of LTBI was lowest in Brazil (37%), followed by India (43%), China (54%), and South Africa (64%) among countries with more studies (Fig 4) . However, heterogeneity between the two studies from India became statistically insignificant (I 2 = 46.1%, Latent Tuberculosis in Health Care Workers p = 0.17). The pooled prevalence of LTBI was 39% (95% CI 19% to 60%, I 2 = 99.5%) for studies with two-step TST and 50% (95% CI 36% to 65%, I 2 = 99.4%) for studies with one-step TST protocol (Fig 5) . The pooled prevalence of LTBI among medical and nursing students was 26% (95% CI 6% to 46%, I 2 = 99.3%) while the prevalence among all types of HCWs was 57% (95% CI 44% to 70%, I 2 = 99.1%) (Fig 6) .
Incidence of LTBI among health care workers
Incidence of LTBI was available for HCWs in Brazil, China, South Africa and Zimbabwe (Table 3 ). The cumulative incidence ranged from as low as 2.8% among Brazilian medical students to as high as 38% among all types of HCWs in South Africa. Nursing students in Zimbabwe had an incidence rate of 19.3/100 py (95% CI 14.2 to 26.2).
Discussion
We identified 990 research articles, abstracts and theses after searching various bibliographic databases and grey literature. Eighteen studies with 10,078 participants from seven high burden countries were included for qualitative and quantitative synthesis. Our results suggest that nearly half of the HCWs had LTBI. This is likely due to high exposure to TB patients in absence of optimum TB control measures in the high background TB prevalence in these countries. HCWs in Brazil had the lowest overall prevalence of LTBI. However, two [22, 33] out of six studies in Brazil were conducted among medical or nursing students, and one [33] of these two studies had a relatively low prevalence of LTBI which may have affected the overall prevalence. When prevalence of LTBI was stratified by the type of HCW, medical and nursing students in this review had 50% less LTBI infection rate compared to the rates from studies that included all types of HCWs, nursing professionals or both HCWs [46] . However, these tests focus on publication bias in intervention studies or diagnostic test accuracy studies and test for asymmetry in conventionally constructed funnel plots for studies on intervention effect estimates. For example, Egger's test is based on linear regression of odds ratio on its standard error, weighted by the inverse of the variance of the intervention effect estimate (log odds ratio). Study suggests that conventional funnel plots used for potential publication bias for meta-analysis of proportion studies are inaccurate [47] . Additionally, bias detection tests do not perform well when between-study heterogeneity is large [46, 48] . We generated funnel plot by plotting observed proportion against the number of TST participants and superimposing 95% and 99.8% prediction limits around the overall proportion. Hence, the commonly used tests will not be appropriate to test the funnel plot asymmetry for our study.
Given the high heterogeneity among the studies, a random effect model was applied to calculate the overall prevalence of LTBI. Subgroup analysis could not explain the cause of the heterogeneity across studies. However, the two studies from India had similar prevalence and heterogeneity became statistically insignificant although one study was conducted among nursing students employing two-step TST [24] while the other included all types of health care workers and performed one-step TST [41] . The high heterogeneity across all studies as well as among different studies conducted in a country (Brazil, China, and South Africa) is likely due to the differences in study settings, participants, methodological quality, exposure to TB patients, and presence and practice of control measures across the studies.
There are limitations of this study. In this review, we included studies published in English alone and reporting prevalence of LTBI based on TST according to the recommendation of the World Health Organization. Therefore, we may have missed studies from high TB burden countries that were published in languages other than English in national or local journals. However, if a journal was indexed in the databases we searched and the abstract of a study was available in English in the database, the study would have been identified during our search. Indeed, we included one study published in a journal in Portuguese and had the abstract in English was identified through our search [22] . Despite interpretational challenges, studies have reported both lower and higher prevalence of LTBI by IGRA compared to TST in TB high burden countries [38, 40] . As a result, our estimates of LTBI burden may be an under or overestimate of the actual burden among health care workers. However, a systematic review and meta-analysis of studies comparing performances of IGRA with TST suggested that there was no consistent differences in positive test results between the tests in high incidence settings [49] .
Studies employing one-step or two-step TST to detect LTBI were included in this review and six of the studies employed two-step TST. If TST is performed years after infection with Mycobacterium tuberculosis, the ability to demonstrate immune reaction to tuberculin may wane over time and result in false-negative reaction at initial TST. A boosted reaction (positive reaction) may be generated during the repeat test in a two-step TST in these individuals indicating old TB infection. Studies reporting prevalence or incidence of LTBI based on one-step TST protocol may have been unable to detect old infections in individuals taking the TST for the first time. Although 11 studies reported that 66-98% of the participants received BCG vaccination, previous vaccination status is not expected to affect the TST results among the participants if the vaccine was administered after birth, during infancy or later but more than 10 years prior to the TST [8] . However, HCWs receiving BCG vaccination within 10 years prior to the TST or receiving a prior TST may have led to an overestimation of the prevalence or incidence of LTBI.
In conclusion, the findings from this study show that HCWs in high TB burden countries remain at increased risk of acquiring TB infection in spite of heterogeneity among the studies. Even with a conservative estimation that 10% of these HCWs will progress to active TB in their 
